Introduction
Around 85% of mothers sustain a perineal tear as a conse quence of vaginal child birth [1] . Obstetric anal sphincter injury (OASI) occurs from third or fourthdegree perineal tears [9, 24] . It can sometimes lead to serious, unpleasant complications like faecal incontinence symptoms. Symp toms can range from faecal urgency to gross passive or urge faecal incontinence [17] . They are also more likely to develop stress urinary incontinence later [23] . Despite primary repair, up to 60% of mothers can develop symp toms of faecal incontinence following anal sphincter injury [18, 24] . Anal incontinence affects approximately 40,000 of mothers in the UK each year, with OASI being a primary cause of this [8] .
There is a wide variation in the reported incidence of OASI in the literature [5] . While the Royal College of Obste trician and Gynaecologists green top guideline states that the overall risk is around 1% following all vaginal deliveries [22] , a systematic review showed that the true incidence is likely to be around 11% [5] . Risk also varies with different delivering techniques. An intervention pro gramme showed a reduction in the incidence of OASI due to interventions at the time of delivery [11] . It is claimed that OASI occurs in 0.6%-9% of vaginal deliveries where mediolateral episiotomy is performed [25] .
Studies have shown increased incidence in OASI over the years [19, 20] . This could partly be due to increased detection of OASI due to improved awareness and train ing and to the introduction of imaging techniques [22] . However, some studies argue that this is due to change in obstetric practices over the years [16, 17] . At the same time, there are some intervention studies that showed a reduc tion in OASI incidence. An intervention programme (with manual assistance during the final part of the second stage of labour) in Norway showed a significant decrease in the incidence of OASI, from 4.5% to 1.2%, during the study period [11] . OASI and its associated morbidity pose both psychological and physical implications, severely impacting quality of life [15] . Along with the high cumu lative costs of treating OASI [7] , the impact of OASI on women's physical, psychological, and social quality of life cannot be underestimated. Therefore there is a clear need to identify the risk factors for OASI. This would facilitate the development of risk reduction strategies to prevent them.
Design and methodology
A retrospective observational study was conducted at Northwick Park District General Hospital (DGH), London, which has a delivery rate of 5000-5500 per annum and serves a multiethnic population. Departmental Audit committee approval was obtained for the audit. Pregnancy and delivery details were collected on all vaginal deliver ies from 1 January 2006 to 30 November 2009, including age; parity; ethnicity; labour details; mode of delivery [normal vs. instrumental (forceps -low and outlet; ven touse -Kiwi, metal, and silastic cups); foetal birth weight; episiotomy; and incidence of perineal tears, as classified using the RCOG criteria [22] . Perineal tears were classified by the attending clinician (specialist registrar, staff grade, or consultant) who was trained in assessing and repairing OASI. Women were excluded if there was incomplete data entry or the birth weight was less than 500 g.
Data analysis
A logistic regression forward stepwise model was per formed with SPSS version 18 (SPSS Inc., Chicago, IL, USA). Univariate and multivariate analyses and adjusted odds ratios (ORs) with 95% confidence intervals (CIs) were cal culated to assess the significance of individual variables on causing OASI. Where variables were found to be signif icantly associated with OASI, a numberneededtotreat (NNT) calculation was performed.
Results
Of 14,105 vaginal deliveries during this time, 12,612 cases were included for analysis (see Figure 1 ). All deliveries were conducted by consultants, trained doctors, doctors in training (specialist registrar), trained midwife, or midwife in training supervised by a qualified midwife. All instrumental deliveries were conducted by doctors. Episiotomy, if performed, was by the mediolateral method. There was no recommended practice with regard to handson or handsoff approach in the depart ment. Fundal pressure during delivery was not practised and was discouraged. However, these details were not documented to analyse the outcome. The effect of occip itoposterior position, prolonged second stage, epidural analgesia, and induction of labour was not analysed owing to unavailable or incomplete data or to the small numbers of complete entries. A total of 85.73% of mothers delivered spontaneously vaginally and 14.27% delivered instrumentally. Caesarean section rate during this period was 26.14%. A total of 3.7% of women sustained OASI (Table 1) . Perineal outcome for the deliveries is shown in Figure 2 . The majority (64.5%) sustained some degree of perineal damage, 41.4% of which were only first or seconddegree tears. An episi otomy was performed in 22.2% of cases, and it was found that 0.9% sustained OASI despite having episiotomy.
Results of the multivariate logistic regression model with OR and 95% CIs for each variable are shown in Table 2 .
Demographics
OASI rates were lower among Black African and Carib bean women (1.5%). Incidence was also low (2%) in Cau casian mothers, whereas it was increasing for mothers of Oriental ethnicity 3.29% (Table 3) . Incidence was highest among Asian mothers, reaching 4.52%; Asian ethnicity was associated with the highest odds of OASI (OR 4.798, 95% CI 2.998-7.679) ( Table 2) .
A maternal age of > 40 years was associated with the highest odds of OASI in the maternal age group (OR 2.722, 95% CI 1.315-5.636). Higher foetal birth weight ( > 4500 g; OR 6.228, 95% CI 2.695-14.392) and lower parity were also associated with increased odds of OASI (para 0; OR 16.803, 95% CI 7.697-36.685).
Gestational age at delivery, BMI of the mother, and sex of the baby were not significantly associated with OASI on multivariate analysis; however, preterm delivery was associated with lower OASI, possibly due to low birth weight of the babies.
Mode of delivery
Perineal outcome was associated with mode of delivery ( Number needed to treat (Table 5) Instrumental deliveries increase the risk of OASI. However, a total of 29 ventouse deliveries need to be avoided to prevent one OASI, compared to only eight forceps deliveries. Episiotomy seems to protect perineum from OASI. Without episiotomy, OASI occurs in every 15 vaginal deliveries (both spontaneous and instrumen tal). However, in the episiotomy group, OASI occurred in only every 187 vaginal deliveries. Higher birth weight was associated with OASI. Six vaginal deliveries of birth weight of > 5 kg need to be avoided to prevent one OASI due to high birth weight. Asian ethnicity carries more risk for OASI. Twentyfour caesarean sections are needed to prevent 1 OASI in Asian women. 
Discussion
This study is one of the largest studies examining perineal outcome after vaginal childbirth. A logistic regression model with multivariate analysis facilitates the identifica tion of variables associated with OASI. To our knowledge, this is the first and largest study to determine the number needed to prevent OASI with regard to risk factors. This provides a simple and meaningful interpretation of risk associated with each variable to help clinicians and women to make informed choices regarding intervention during delivery. Data from our study support previous findings within the literature, including the incidence rates of OASI [16, 20] and the finding that forceps delivery tends to cause more perineal trauma than ventouse [3, 6, 20] . Johanson and Menon [14] showed ventouse to be associ ated with higher risk of failed instrumental delivery com pared to forceps. Despite this, ventouse has not shown to be associated with more caesarean sections than forceps delivery [14, 21] . Even though failure rate is high with ven touse, the need for caesarean section remains the same. Our study shows that forceps delivery increased the risk of OASI by 2.3 times compared to ventouse. In this study, every 6 th forceps and every 14 th ventouse delivery caused OASI; therefore we recommend ventouse as the preferred option for instrumental delivery to reduce the risk of maternal perineal trauma, unless there are contraindica tions for its use.
A number of risk factors for OASI were identified, including increased birth weight, which was an independ ent risk factor. Where babies weigh > 4.5 kg, 29 caesarean sections are needed to prevent 1 OASI. In contrast, only 6 caesarean sections are required to prevent 1 OASI when birth weight is > 5 kg. Therefore, elective caesareans may be justified where estimated birth weight exceeds 5 kg. In contrast, > 14% error rate has been noted in the assess ment of predelivery foetal weight estimation by ultra sound [6] and, therefore, caution is advised when deciding the mode of delivery based on ultrasound for predelivery estimation of foetal weight.
There is conflicting evidence regarding the role of episiotomy and OASI [20] . Carroli and Belizan [2] con cluded that there was no significant difference in severe perineal trauma between the restrictive group and the routine episiotomy group. However, other larger studies [4, 20] showed the protective effect of mediolateral episi otomy on perineal trauma. Our study also confirmed that mediolateral episiotomy reduces the risk of OASI. It is rec ommended to conduct a randomised controlled study on the effect of episiotomy on OASI to clarify this situation. It is, however, recommended that episiotomy be consid ered for women with multiple risk factors for OASI. These risk factors, according to this study, include an estimated foetal weight of > 4.5 kg, instrumental delivery (particu larly with forceps), primiparity, and Asian ethnicity.
One of the interesting findings of the study was the association between Asian ethnicity and OASI. The odds of Asian women sustaining an OASI is 4.8 compared to White British women. Some other studies [10, 12, 13] have also shown ethnic differences in perineal trauma. One study [12] showed that Filipino and other Asian women were at slightly increased risk of vaginal lacerations and that Filipino and Chinese women were at greatest risk for third and fourdegree perineal tear, possibly due to per ineal anatomic variations. This raises the argument as to whether ethnicity should be taken into account when planning the mode of delivery, especially in women with other risk factors for OASI. However, until a causal asso ciation is proven by randomised trials, it is unwise to recommend that interventions should be based on eth nicity alone. However, Asian ethnicity should be consid ered as a risk factor for OASI when deciding on delivery options.
The primary limitation of this study is the design. A retrospective observational study does not provide level 1 evidence, which is deemed to provide the highest evi dence. As the study was conducted in a single suburban DGH, the findings should be interpreted with caution, especially when being generalised to a different ethnic mix. Furthermore, other known risk factors for OASI were beyond the scope of this study, including occipitoposte rior position, prolonged second stage, epidural analgesia, induction of labour, type of perineal support, and type of episiotomy [22] .
Conclusion
Despite any limitations, as this study is one of the largest studies of its kind, the findings offer huge potential for facilitating interventions to reduce OASI risk. Indeed, spe cific variables have been identified for incorporation into a riskreduction strategy. A scoring system that includes risk factors including ethnicity could be introduced ante natally to evaluate and assess risk. Scores could then be used to help women and practitioners make informed decisions on the mode of delivery and possible labour interventions.
A multicentre randomised controlled trial involving these specific variables is advisable before implementing this into wider practice.
